Supporting material
Solubility data
The solubility data obtained via the cloud point method are presented in Tables S1 to S6 for the six systems studied in this work. The phase envelope or binodal curves (Figures 3 – 8) in the main document were plotted using these data.
Table S1: Benzene + n-Hexane + ChCl:EG (1:2)
	XBenzene
	Xn-hexane
	XDES

	0.8821
0.8181
0.7510
0.6805
0.6042
0.5204
0.4965
0.4841
0.4774
	0.0559
0.1026
0.1476
0.1898
0.2284
0.2613
0.2677
0.2723
0.2738
	0.0619
0.0791
0.1012
0.1296
0.1672
0.2182
0.2356
0.2435
0.2486



Table S2: Benzene + n-Hexane + ChCl:GLY (1:2)
	XBenzene
	Xn-hexane
	XDES

	0.9375
0.8797
0.8202
0.7600
0.7000
0.6404
0.5816
0.5234
	0.0612
0.1176
0.1745
0.2303
0.2841
0.3349
0.3821
0.4252
	0.0011
0.0026
0.0052
0.0095
0.0157
0.0245
0.0361
0.0513



Table S3: Benzene + n-Hexane + ChCl:U (1:2)
	XBenzene
	Xn-hexane
	XDES

	0.8001
0.7508
0.7234
0.6345
0.5456
0.4321
0.2213
0.1496
	0.0421
0.0793
0.0812
0.1301
0.1732
0.1956
0.1305
0.0503
	0.1578
0.1699
0.1954
0.2354
0.2812
0.3723
0.6482
0.8001



Table S4: Benzene + n-Hexane + ChCl:EG (1:3)
	XBenzene
	Xn-hexane
	XDES

	0.9000
0.8500
0.7489
0.6732
0.5821
0.5162
0.3782
0.2512

	0.0500
0.0621
0.0834
0.1092
0.1326
0.1638
0.2612
0.3628
	0.0500
0.0879
0.1677
0.2176
0.2853
0.3200
0.3606
0.3860



Table S5: Benzene + n-Hexane + ChCl:GLY (1:3)
	XBenzene
	Xn-hexane
	XDES

	0.9218
0.8071
0.7113
0.6484
0.3816
0.2824
0.1201
0.0500
	0.0101
0.0210
0.0341
0.0407
0.1218
0.1819
0.3832
0.5500
	0.0682
0.2139
0.2546
0.3109
0.4966
0.5357
0.4967
0.4000



Table S6: Benzene + n-Hexane + ChCl:U (1:3)
	XBenzene
	Xn-hexane
	XDES

	0.8090
0.7492
0.6250
0.5489
0.2725
0.2172
0.1894
0.1496
	0.0400
0.0607
0.1338
0.1679
0.1674
0.1328
0.1000
0.0504

	0.1510
0.1901
0.2412
0.2932
0.5601
0.6500
0.7106
0.8001





Comparison of distribution coefficient and selectivity for different solvent types
Table S7 provides the distribution coefficient and selectivity for the extraction of benzene from n-hexane using different solvent types (organic solvents, ionic solvents, and deep eutectic solvents) as compared with the values obtained in this study.
Table S7: Comparative analysis of solvents for n-hexane+benzene mixture (at P =101.325 kPa)
	Mixture
	Solvent type
	Solvent
	
	S
	T(K)
	Reference

	



























n-hexane-benzene



	Organic solvent
	sulfolane
	0.49-0.72
	7.21-20.14
	308.15-318.15
	Mahmoudi and Lotfollahi(2010)

	
	
	NFM
	0.56- 0.78
	4.21- 18.81
	303.15-313.15
	

	
	
	50% Sulfolane+ (50%)
NFM
	0.60- 0.67
	8.55- 39.85
	298.15-308.15
	

	
	
	NMP
	1.14-1.50
	2.13-8.78
	293.15
	Li et al. (2020)

	
	Ionic liquid
	[C4mim][NTf2]





	0.82-1.79

	2.73 – 17.39
	298.15
	Arce et al.( 2007)


	
	
	[C8mim][NTf2]
	0.92-1.90
	1.51 – 7.35
	
	

	
	
	[C10mim][NTf2]
	0.96-2.21
	1.19 -5.45
	
	

	
	
	[C12mim][NTf2]
	0.99-1.83
	1.16 – 3.54
	
	

	
	
	[C2mim][NTf2]
	0.76 – 1.37
	4.85 – 33.56
	289.15
	

	
	
	[C2mim][NTf2]
	0.76 – 1.20
	4.60 -27.77
	313.15
	

	
	Deep eutectic solvent
	TMACl:Gly (1:2)
	0.01-0.02
	6.88-51.82
	298.2
	Rodriguez et al. (2017)

	
	
	TEACl:Gly (1:2)
	0.08-0.1
	21.13-137.04
	
	

	
	
	TEACl:EG (1:2)
	0.19-0.32
	28.64-174.03
	
	

	
	
	TBACl:EG (1:2)
	0.49-0.55
	2.70-17.75
	
	

	
	
	THACl:Gly (1:2)
	0.42-0.49
	1.76-7.35
	
	

	
	
	THACl:EG (1:2)
	0.74-0.86
	1.59-4.28
	
	

	
	
	ChCl: Gu (1:1)
	0.04-0.12
	13.58-36.05
	298.15
	Kurnia et al. (2016)

	
	
	MTPPBr:EG (1:4)
	0.123-0.269
	12.362-98.266
	300.15
	Kareem et al. (2012)

	
	
	MTPPBr:EG (1:6)
	0.790-2.2476
	28.377-55.828
	300.15
	

	
	
	ChCl:NFM (1:5)
	0.4035-0.6501
	0.4084-22.8001
	303.15
	Shekaari et al. (2020)

	
	
	ChCl: NFM (1:7)
	0.4270-0.6691
	0.5448-26.7477
	303.15
	Shekaari et al. (2020)

	
	
	ChCl:SULF
(1:5)
	0.4657-0.5471
	0.9816-37.2867
	303.15
	Shekaari et al. (2020)

	
	
	ChCl:SULF
(1:7)
	0.4844-0.5771
	1.0405-41.3768
	303.15
	Shekaari et al. (2020)

	
	
	ChCl:DGA
(1:5)
	0.3565-0.9169
	0.6396-52.4197
	303.15
	Shekaari et al. (2020)

	
	
	ChCl:DGA
(1:7)
	0.3469-0.8651
	0.6188-47.4159
	303.15
	Shekaari et al. (2020)

	
	
	(ChCl:EG)(1:2)
	0.47 – 0.58
	1.15 – 31.24
	303
	This study

	
	
	(ChCl:EG)(1:3)
	0.43 – 0.63
	1.91 – 37.83
	
	This study

	
	
	(ChCl:Gly)(1:2)
	0.72 – 0.91
	1.10 - 462
	
	This study

	
	
	(ChCl:Gly)(1:3)
	0.55 – 0.95
	1.09–174.60
	
	This study

	
	
	(ChCl:U) (1:2)
	0.17 – 0.35
	1.70 – 15.24
	
	This study

	
	
	(ChCl:U)(1:3)
	0.15 – 0.89
	1.53 - 126
	
	This study



1. N-formylmorpholine (NFM)
1. N-methyl-2-pyrrolidone (NMP)
1. [C2mim][NTf2] 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
[C4mim][NTf2] 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
[C8mim][NTf2] 1-octyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
[C10mim][NTf2] 1-decyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
[C12mim][NTf2] 1-dodecyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
1. TMACl-tetramethylammonium chloride
1. TEACl-tetraethylammonium chloride
1. TBACl-tetrabutylammonium chloride
1. THACl-tetrahexylammonium chloride
1. MTPPBr-methyltriphenylphosphonium bromide
1. SULF-sulfolane
1. DGA-diglycolamine
1. Gu- glucose



UNIQUAC parameter estimation
UNIQUAC model requires two basic underlying parameters: relative surface and volume fractions (qi and ri parameters, respectively). The values of these parameters for the various substances involved in this study as taken or estimated from Aspen plus are presented in Table S8. 
Table S8: The van der Waals volume and surface parameters for the studied systems.
	Component 
	van der Waals volume (r)
	surface area (q)

	Benzene
	3.1905
	2.40

	n-Hexane
	4.4996
	3.856

	DES1 (ChCl:EG[1:2])
	6.3797
	5.336

	DES2 (ChCl:EG[1:3])
	5.8483
	4.936

	DES3 (ChCl:Gly[1:2])
	6.5227
	5.476

	DES4 (ChCl:Gly[1:3])
	7.1971
	6.016



Aspen Plus allows us to predict the behaviour of a phase separation process using basic engineering relationships such as phase and chemical equilibrium, and reaction kinetics. A DES is composed of a hydrogen bond acceptor (HBA) and a hydrogen bond donor(HBD).The properties of DESs are crucial for its applications for separation on ASPEN PLUS, they depend on thermo-physical and kinetic properties such as viscosity, solubility, average normal boiling point, density, molecular weight. DESs are not available as pure components on ASPEN Plus databank, they (ChCl:EG, ChCl:Gly, ChCl:U) are defined as a pseudo-pure component on the simulation environment and all temperature dependent properties and parameters (Molecular weight, vapour pressure, density, specific gravity) applicable to each DES are specified. Assumptions made are DESs are negligible vapour pressure which is the inherent characteristic of DESs.
To Estimate the r and q parameters for the DESs (ChCl:EG, ChCl:Gly & ChCl:U)  at different molar ratio, the DES were defined as pseudo-component in the Aspen Plus V 9 process simulator. The following DES properties were added in the simulator to define the pseudo-component: density, molecular weight, normal boiling temperature and viscosity. 
Choose a method: Go to methods/specifications. Select NRTL or UNIQUAC. This predictive models are recommended for aromatic separations.
Retrieve binary interaction parameters. Navigate to the methods/parameters/binary interaction/NRTL/input sheet. The binary parameters are filled automatically. This contains the temperature-dependent binary parameters. 
The GMUQQ which represent the molecular area parameter (q) and the GMUQR {molecular volume parameter (r)} for UNIQUAC activity coefficient model are generated for each component defined.

